Molecular architecture of a light-harvesting antenna. Comparison of wild type and mutant Synechococcus 6301 phycobilisomes.
Phycobilisomes of the cyanobacterium Synechococcus 6301 contain C-phycocyanin and allophycocyanin in a molar ratio of approximately 3.8:1, a minor biliprotein, allophycocyanin B, and nonpigmented polypeptides of 75, 33, 30, and 27 kilodaltons. A nitrosoguanidine-induced mutant AN112 produces altered phycobilisomes with the molar ratio of C-phycocyanin to allophycocyanin reduced to approximately 1.4:1 and without any of the 33- and 30-kilodalton polypeptides. The mutant and wild type phycobilisomes contain the same molar amount of the 75- and 27-kilodalton polypeptides relative to allophycocyanin. As seen by electron microscopy, the allophycocyanin-containing core of the mutant and of the wild type phycobilisomes appears the same. In some views of the core, each of the two core units in the mutant particles can be seen to consist of four discs approximately 3 nm thick. In wild type phycobilisomes five or six rods, made up of two to six stacked discs (11.5 X 6 nm) are attached to the core. In the mutant, no such rods are seen; rather, single disc-shaped elements, ranging from two to six in number, are found attached. Spectroscopic measurements show that the assembly form of phycocyanin in the mutant phycobilisomes differs from that in the wild type particles but reveal no difference in the organization of the core elements. These results indicate that the portions of the rod substructures of wild type phycobilisomes, beyond the disc proximal to the core, are made up of phycocyanin and the 33- and 30-kilodalton polypeptides. Emission from phycocyanin is a significant component in the fluorescence from isolated Synechococcus 6301 phycobilisomes and indicates an upper limit of 94% for the efficiency of energy transfer from phycocyanin to allophycocyanin and allophycocyanin B in these particles.